Introduction
Lupin seed meal (LSM) is a potential replacement for costly oilseed cakes as a source of protein. However, poultry productivity on diets supplemented with LSM is lower than that on diets supplemented with oilseed cakes. This is often attributed to the presence of raffinose oligosaccharides in LSM. Research on other legume seed meals has yielded varying results with regards to the effects of raffinose oligosaccharides on diet quality and poultry productivity (Coon, 1990; Leske et al., 1993; Irish et al., 1995) . A study was therefore, conducted to investigate the benefits of extracting oligosaccharides from Australian narrow-leafed lupin (Lupinus angustifolius) seed meals, prior to inclusion in diets. The mechanisms involved at the level of the intestinal mucosa were also assessed.
Materials and Methods
Ninety-six mixed-sex Inghams IM98 (Inghams Enterprises Aus. Pty Ltd) broiler chicks (initial weight 943 ± 27 g), 21 days of age were used for the study. The chicks were randomly assigned in groups of four to multi-bird metabolic cages and provided with one of four diets, based on sorghum (543.0 g/kg) and casein (91.0g/kg). Each diet also contained (g/kg): dicalcium phosphate (26.0), limestone (11.0), celite (diatomaceous earth) marker (26.0), vitamin premix (5.0), sodium chloride (3.6) and choline chloride (0.4). In addition, the diets were supplemented with de-hulled seed meals from two cultivars of L. angustifolius (300 g/kg). Both cultivars, Gungurru and Danja were used as whole meals (diets Gung+ and Danja+ respectively) or as meals from which most of the oligosaccharides had been removed (diets Gung and Danja respectively) through solvent (ethanol) extraction. There were six replicates (cages) per diet. The experiment was designed primarily for classical AME evaluation, and consisted of three days of adaptation to the diets, followed by 4 days of total faecal collection and measurement of feed consumption and growth. Intestinal samples were collected at the end of the trial and used to assess mucosal morphometry and expression of digestive enzymes.
Results and Discussion
The extraction of oligosaccharides from seed meals of both varieties of lupins increased the gross energy (GE) but reduced the crude protein and AME contents of the diets (Table 1) . Feed intake by chicks on the diets containing the extracted meals was lower (P < 0.05) than that observed for diets with the whole seed meals. Body weight gain was higher (P < 0.05) on the unextracted lupin diets than on the diets supplemented with the extracted meals. Supplementation with the extracted lupin meals led to marginal increases in FCR, compared with diets supplemented with unextracted meals. There were no significant differences between the groups in faecal moisture content but ileal digesta viscosity was increased (P < 0.05) in chicks maintained on the diets supplemented with the extracted seed meals. No significant differences were observed in the morphometry of the intestinal mucosa of chicks fed the different diets. No dietary effects were observed on the expression of α-glucosidase (AG) or aminopeptidase N (APN) in three regions of the small intestine ( Table 2 ). The activity of alkaline phosphatase (AP) was lower (P < 0.001) in the duodenum of chicks raised on Danja diet than in chicks on the other diets but there were no precise effects of oligosaccharides. On the Danja-supplemented diet, AP activity was reduced in chicks fed the diets supplemented with the extracted meal while there was an increase in the case of cultivar Gungurru. There were also no significant differences between diets in activity per cell for any of the digestive enzymes in the jejunum or ileum.
Conclusions
The extraction of raffinose series oligosaccharides from lupin seed meals improved the gross energy content of the diets but this was associated with a reduction in metabolizable energy and crude protein values and tended to reduce broiler chicken growth. Intestinal structure and enzyme function were not adversely affected by the presence of the oligosaccharides in the diets over the short term. It would be desirable to assess these effects over a longer duration of feeding.
